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AB - SU111 2007 Improved bending of glass tubes is achieved by fixing the ends of 
the blanks, and using local heating with ring-type burner to reach a temp, 
corresp. to the viscosity of 1 0 power 1 0 to 1 0 to power 1 2 P. The blank is fed at 
a rate of 5.10 power -5 to 10 power -3 m/sec. and the zone of bending is offset 
from the heated zone by a distance given by the empirical formula. 

- One end of the glass tube is clamped in gripper ( 2) of the movable carriage (3) 
while the other end if held in clamp (4) at the tip of the lever (5). The blank is 
heated by the butnrer (6), and is bent by the gradual tilt of the lever (5). 

- ADVANTAGE - The bending away from the heated section of the tube provides 
increased output of blanks without crinkles. Bui. 33/7.9.84. (4pp Dwg.No.2/2) 
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(54) (57) CnOCOB FHYTbH CTEKJIHHIfblX 
TPY5 nyTeM 3aKpenjieHH* kohuob 3aroroBKH 
b 3a>KHNtax, nponoJibHOH noaaw 3aroTOBKH, no- 
KaJibHoro pa3orpeBa KOJibneBOH ropeJTKOH h 

niyfbH, OTJ1HH3 fOLUHHCH TeM, 



tto, c uejibio noBMiueHHK Ka^ecTBa, noKanbHHfl 
paoorpeB Benyr pjo TeMneparypbi, cootb eTCTByio- 
meH BH3K0CTH 10* 5 - 10** n, saroTOBKy nojiaioT 
co cKopocTbw 5*10"* - 10 -4 m/c, a 30Hy ray- 
TbH cMemaroT otho cHTenbHo 3ohw pa3orpcBa b 
HanpaBjIeHHH npoflOJibHOH noaaw Ha paccTOHHue, 
onpeaejTHeMbe H3 cooTHouiemiH 

l = k 5I - V ; C T 

rae L - paccTOHHue Meamy uempaMH 3oh 
rHyrbH h pa3orpeBa, m; 

k — K03(|)4)HIIHeHT, paBHblH 2,5—5,0 B 3a- 

BHCHMOCTH OT KOHCTpyKUHK H pOKHMS 

pa6oTbi ropenKH; 

— TonuiHHa deHKH rpy6bi f m; 

— cKopocTb npoaoJibHOH nozna<iH Tpy6bl, 
m/c; 

— TeruioeMKocrb MaTepnaJia Tpy6br, 
KKan/Kr- rpaa; 

— yaem>HbiH sec MaTepHana xpy6bi, kt/M j 
TermonpoBoziHocTb MaTepnajia Tpy6bi, 
KKan/M- c» rpafl. 
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H3o6pereHHe oxhochtch k cxeKO/ibHOH npo- 

MbmiJieHHOCTH, B MflCTHOCTM K TeXHOJlOTMH HOJiy- 

qeHHH rHytbix $acoHHbix Macxefi, nanpHMep ot- 
BOAOB K CTeKJIRHHblM xpy6onpoBOixaM. 

HaBccTeH cnoco6 rnyxbCH xpy6 H3 nnacroM- 
Horo MarepHana, BKJiio^arouiHH 4>HKcaujuo xpy6bi 
b 3a*Hwe, ycTanoB/ieHHOM Ha KOHue pbinara, 
h cooememce Tpy6e npono/ibHoro nepeMeme- 
hkh c oftHOBpeMeHHbiM noBOpoTOM pbmara 
BOKpyr och, npoxoanmeH ^epe3 npyrofi ero 
KOHeu. TIdh 3-tom Tpy6a noABcpraexcfl H3- . 
rn6y [1]! 

O/tnaKO 3tot cnoco6 HenpHrofleH jym rayTbH 
creK/iHHHbix Tpy6, TaK kzk Heo6xofiHM pa3or- 
IpeB 3aroTOBKH an* nepexona CTeKna b imacTHM- 15 

HOe COCTOHHHe. 

! Hanoonee 6jih3khm k H3o6pexeHHio k&sixstcsl 
'cnoco6, BioiioMaromHH (jnmcauHio ctckjihhhoh 

3arOTOBKH 3a KOHUbl B 3a>KHMax, OflHH H3 koto- 

pbix ycTaHOBJieH Ha pbmare, KO;u>ueBOH pa3or- 20 
peB y3KOH 30Hbi saroTOBKH h cooGmeHHe Tpy6e 
MewieHHoro npoaonbHoro nepeMemeHHH nepes 
3oay paaorpeBa c onHOBpeMeHHbiM noBOpoTOM 
pbiwa BOKpyr och, npoxoanuieH nepe3 apyroii 
ero KOHeu. ripn ojmoBpeMeHHOM neHCTBHH 
npoAonbHOH nonanH h noBOpOTa pbinara xpy6a 
H3rH6aeicH t npHMeM corjiacno sxowy cnoco6y 
30Hbi pa3orpeBa h thSkh coBnaaaiox [2J. 



yKaaaHHMH cnoco6 HenpnroaeH onn rHyxb* ^ Q 
jTeiouiHHbix Tpy6 SonbLunx) anaMexpa c tojictoh 
CTeHKOH, H3-3a HH3K0H xeruionpoBoaHOcxH CTeK- 
na xancxa* creHKa xpy6bi He ycneBaer npor- 
peTbCH Ha sera Tojimmry b 30He pa3orpeBa, 
! BHyTpeHHHe choh CTeKna He pa3MHr4aioxcH b 
HyxHOH cteneHH, h BCJiencTBwe sxoro npH rHy- 
Tbe HMeeT Mecio ouibHoe rocj>poo6pa30BaHHe. 

CHHJKeHHe CKOpOCTH TIOJiaMH JXJIH yBeJlHMeHH/I 

BpcMeHH nporpeBa xpy6w npHBoanx k neperpe- 
By 3aroTOBKH h cruiroiUHBaHHio ee Bo 'BpeMfl 
rHyn»H t hto He no3BOJiHex no/iyvaxb KawecxBeH- 

Hbie OTBOAbl. 

UeJib H3o6peTeHHH - nosbrmeHiiH KanecTBa. 
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[locTaBJieHHaji ixe.Tb aocTHraeTcfl TeM, mo 
cor/xacHO cnoco6y rHyTb* ere kjiahhmx Tpy6 ny- 45 

tcm 3aKperuieHHH KOHUOB 3arOTOBKH B 3DKHMaX, 

: npoijo/ibHOH noaann 3aroxoBKH, Jiok-anbHoro pa30- 
rpeBa KoabueBOH ropeaKoii h rHyxba Jiotcajiv. 
Hbm pasorpeB BeayT ao TCMnepaTypbi, coot- 
BCTCTByiomeH baokocth lO' 10 — 1 0^^ FI, 3aroTOBKy 50 
noaawx co cKopocxbto 5 v 10" 5 — 10" m/c, a 
30Hy rnyTbH cMemaiox oTHOCHTenbHO 3ohm 
pasorpeBa b HanpaBJieHHH npoaonbHOH noaaHH 
na paccTOHHue, onpeacnneMoe H3 cooxhollichrh 



L = k S - V - C 'y 
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tac L — paccTOHHxe Me:-KZiy uenrpaMH 30H 
rnyrba h pa3orpeBa t m; 



k - K034>(j)HmieHT, paB>o>iH 2,5-5,0 b 3a- 

BHCHMOCTH OX KOHCTpyKimH H pe5KH- 

Ma pa6oxbi rope/iKH; 
S - xoniiowa ctchkh xpy6bi, m; 
V - cKOpocxb npoAO/ibHOH noflaqw xpy6bi, 
m/c; 

C — TeanoeMKoexb" MaxepHana xpy6bi, 

KKan/Kr- rpan; 
y- yneJibHbifi Bee Maxepnana. xprySbi, 
kt/m* ; 

> - xermonpoBOflHoexb MaxepnaJia xpy6bi, . 
KKaji/M - c * rpafl. 
ripH rnyxbe cxeKJiHHHbix xpy6 c bwcokoh 
BH3KOcxbio CTenoK b 30HC- .pa3orpeBa h rayxbH 
HMeeT Mecxo prnxeHCHBHoe ra4>poo,6pa30BaHHe. 
npn yMeHbineHHH bhskoctsi 3TOX npoizecc ocxraSe- 
Baex, ho ciuibHo' pa3MHr4eHH3H xpyoa npH 
rHyxbe" crunoiHHBaexcJi. B oHanasoHe b>I3kocxh 
10 w - 10 A * n npn niyxbe rpy6bi Hex ro4>po- 
• o5pa303aKH^, ho Hex h cruT/omKBSJiHJ5. 

ripH nepeMemcHHH xpy6bi nepe3 KonbueByio 
rope/TKy, BcneacTBHe aocxhjkchhh AHHaMHMecKoro 
TermoBoro paBHOBecas, cxeHKH xpy6bi b 30He 
rnyxbH nporpeBaioxcfl no onpeaeneHHOH xeMne- 
paxypbi, nocxojTHHOH bo BpeMeHH a 3aBHC«:meH 
ox cKOpocxH npoao/ibHOH noiiaMH. TaKHM o6pa- 
30M, H3MCH hh cKOpocxb nepeMeuxeHHH saroxoB- 
kh, mo>kho pery^HpoBaxb xeMnepaxypy b 30He 

THyXbH. npH 3TOM Heo6xOJUHMO, MTO CKOpOCXb 

npoao/ibHOH nojiaw 3aroxoBKH iiaxoAHJiacb 

b HHxep.Bane 5"10" 5 — \0" % m/c. Ylpn CKOpocxH 

BblUje 10"" 5 M/C npOHCXOIlHX HHXCHCHBHOe 

xepMH^ecKoe pa3pyiueHHe (BCKHnaiwe h oxcnaH- 
' BaHHc) noBepxHocxH 3aroxoBKH, KpoMe roro, 
bo3mo>kho pa3pyiueHne TpySbi BcneacxBHe cjihui- 
kom Sbicxporo pa3orpeBa. ripH CKOpocxH npo- 
ilo/ibHOH noaaMH MeHee 5*10' m/c CKOpocxb 
pacnpocxpaneHHH xenna Biio.nb 3aroTOBKH cxaHo- 
bhxch cpaBHHMa co CKOpocxbio nepeMeuxeHHH 
Tpy6bi, 3xo Bbi3biBaex paciUHpeHvie 30Hbi 
pa3NwnieHHoro CTeKJia h, k3k cneuciBHe, CHJibHoe 

CrUHOUBiBaHHC 3ar0X0UKH BO Bpe.Mfl PHyXbH. 

Ha (f)wr. 1 noKa3ana cxeMa pacnpejiejieHHH 
TeMiicpaTypbi no tojiluhhc CTCHKH. CTeKJIJIHHOH 
. ipyobi, npoxori^iueH wepe3 30Hbi pa3orpeBa h 
niyTbH: na (jr»ir. 2 — ycxponciBO jxnn rnyxba 
cxeK^>uiHbix xpyo. 

nonepxHocT>i paBHoii xcMneparypw b ceqeHHH 
HMCMT c})opMy no.nynjiriHncoB, B O^IIOM H3. ({)0- 
KycoB Koiopbix pacnoiio>KeH ueHXp 30Hbi pa30- 
rpena (juitiun A, (j>nr.I). H3 cxe.Mbi bhaho, 
mto b ucHTpe 30Hbi paaorpeBa iiMeex MeCTO 
cifiibHafl xepMvmccKas neojaHopouMOcxb no xoji - 
mMiie cxeHKH xpyow.- flpn niyxbe Tpy6bi b sxom 
Mede BHyTpeHHHe, 6ojice xo;ioz;Hbic h BH3KHe 

CirOH CTCKJia CHHMaSOTCX H OOp33V10T roc{)pbi. 
PaBHOMepHbtH nporpcB CTCHKH 33rOTOBKH H3 BOO 
ec Toinunny hmcct MecTO .numb na aeKOTopoM 
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ox uciiTpn 30Hbi paiorpena, 
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jonpeae/LH^WGM H3 yKaaaHiioro cooniomcmifl. 
inpH pacnono)KeHHH ueHipa 30Hbi niyTbfl b 3tom 
MecTe (jihhhh B, 4>Hr. !) paBHOMepno pa3M*r- 
4eHHan creHKa rpy6fai npH rnyrbe He o6paayeT 
rocppoB. 5 
Cnoco6 ocymecTBiiJieTCH oieflyiomHM o6pa- 

30M. 

OflHH KOHeii 3arOTOBKH 1 (OTpe3Ka CTeKJIJIH- 

• hoh rpy6fai) KpemrrcH b 33>khms 2, yciaHOB- 
neHHOM Ha noaBHXHOH KapeTKe 3, npyroH • b |q 
3a2KHMe 4, HaxouHuieMCH Ha Komie pbroara 5. 
3arotoBKy nocnc npenBapHTeJibHoro pa3orpeBa 



X - 2' 10" 41 kksji/m- c -rpaji; Ko^^miHeH'W 
K b namtOMy crrynae 3.5. 




ee y3Koro yvacrKa nepeMemaioT co cKopocibio 
5-10" 5 — 10~*m/c. ripoxoEH qepes 30Hy Harpe- 
Ba KOJTbueBOH ropeJiKoS 6, 3aroiOBica paaMnr- 
^aeTcfl h npH AOcnokeHHH bh3kocth creKJia 
10^° - 10 47 FT Tpy6a H3rH5aeTCH nocieneHHbiM 
rroBOpOTOM pbmara 5 BOKpyr och 7. ripH 3tom 
uentp 30Hbi pa3orpeBa (jihhkh A, cfwr. 2) cob- 
naaaex c ruiocKOcrbio ropenKH 6, a ueHTp 30HM 

THyTbH (J1HHHH E, C^HT. 2) - C miOCKOCTbK) 

ceieHHH Tpy6bi, b Koxopon pacilojio>KeHa ocb 7 
noBopoTa pbnara 5. PaccTOJiHHe L Me>KAy 
3thm ruiocKocTHMH onpeflejiseTCJi H3 yKa3aHHoro 

COOTHOUJeHH*. 

n p h m e p I. THyTbio noABepraioT Tpy- 
6w H3 ManomenoHHoro crreKJia MapKH 13b : co 

CJienyiOUXHMH TerU10(j)H3HMeCKHMH CBOHCTBaMH: 

TennocMKOcTb' C - 0,2 KKaJi/Kr • rpafl; ynejib- 
HhiH Bee ft - 2600 icr/M? TeruionpoBOAHOCTb 
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Tpy6y AHaMeipoM 220 mm, tojtuihiioh cTeHKHfp 
12 mm (0,012 m) nonBepraioT nfyrbio. CKopocti; 
npoj3,o^bHOH noaaw 0,05 mm/c (5 • 10~* m/c), ' frjjf 
TeMnepaiypa cietcjia b 30He rHyrwi 730°C,*Tq^ & 

COOTBCTCTByeT BH3KOCTH 10*° Tl. PacCTOSIHHe. L* 

Me>KAy ucHrpaMH 3 oh pa3orpeBa h rHyxbH* : -r" 
onpeae/iHeTca H3 cootHomeHHH h paBHO Q;P6#&|| 
(60 mm). • " : ^|SL 

n p h m e p 2. Tpy6y AHaMeipoM ^20^^^^^ 
tojiuihhoh ctchkh 7 mm (0,007 m) noz^;e^w^g~ 
rHyrbio. CicopocTb nponojibHOH no/ia^H 
0,25 mm/c (25 » 10" m/c), TeMnepaiypa ^eigw^p 
b 30He rHyrbH 660°C, tto. cooTBeTCTByer bhs--^|^ 
kccth 10* n. PaccroflHHe L Me>KAy u,t^zpafh^^ J 
30H pa3orpeBa h rHyrba onpefleJiHercH H3/.c6otf;.| 
HomeHHH h paBHO 0,02 m (20 mm). . ■ ?3§sP^ 

n p h m e p 3. TpySy jmaMeTpoM 45 : .:*p^g|| 
• tgtiusihch ctchkh 4 mm (0,004 m) noABeprar^ ;i 

K)T FHyTSK). CKOpOCTb npOAOAbHOH ITOflaTO 

1,0 mm/c (I0~ s m/c), TeMnepaiypa cieiaia 
b 3one myTbfl 620° C, hto cooTBeTCTByer b*3- 
kocth 10** n. PaccroHHHe L Meacjry ueKipaMH 
30H pa3orpeBa h myrbfl onpejieJiHeTCJi K3 coot- 

HOUieHHH H paBHO 0,006 M (6 mm). 

3KOHOMHHeCKaJl 3({)({)eKTHBHOCTb H3o6peTeHiw 
no cpaBHeHHio c 6a30BMM cnocoSoM H3rorOB- - 
JieHHH OTBOflOB CBapKOH COCTaBJIKCT 10,5 Twapy6.; : ;^?31f 

b rofl. 
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